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Twenty-eight infarcts were predominantly anterior and 25 were predominantly posterior. Nine patients had previously had a myocardial infarction.
The patients were divided clinically into 2 groups. Group i -those without left ventricular failure, and Group 2 -those with left ventricular failure. The diagnosis of left ventricular failure was based principally on radiological changes. The chest x-ray films were assessed, using a modification of the criteria of Tattersfield et al. (i969) . Only intra-alveolar pulmonary oedema, septal lines, and pleural fluid were taken as definite evidence of left ventricular failure. Additional clinical criteria were breathlessness, extensive lung crepitations, and the presence of a third heart sound gallop rhythm.
Fifteen patients had signs of left ventricular failure and one of these had associated cardiogenic shock. Ten of the patients with left ventricular failure were treated with frusemide and 4 of these patients also had digoxin before the study. Nine patients died in hospital and 42 patients were eventually discharged from hospital (5 of them after successful resuscitation from cardiac arrest).
The initial study was carried out within 24 hours of the onset of myocardial infarction and repeated on the 2nd, 3rd, 7th, and approximately 2Ist day. To exclude possible diurnal variations in systolic time intervals, all recordings were made on the same patient at the same time of day. To avoid postural effects, the patient's position was kept the same for successive recordings.
The duration of the phases of left ventricular systole were measured from simultaneous recordings of the electrocardiogram, the phonocardiogram, the right carotid pulse, and the apex cardiogram on a Cambridge Multichannel Recorder at a paper speed of IOO mm/sec. The methods used have been previously described (Fabian et al., I972 (R=o-89) (Clarke, i968) . Table i shows the number of patients on whom satisfactory records were available for measurement on days I, 2, 3, 7, and 2I, after infarction. They have been divided into those without left ventricular failure (Group i) and those with left ventricular failure (Group 2). i) Total electromechanical systole -Q-A2 interval A total of 49 patients had satisfactory records. The Q-A2 interval was reduced after myocardial infarction ( Fig. I and Table 2 ). The shortening was maximal on Day 2, and then gradually returned towards normal over the subsequent 2I days. The changes were more conspicuous in Group 2 patients than in those in Group i. However, on days I, 2, and 7 the statistical significance could not be assessed because the numbers were too small.
Results
2) Left ventricular ejection time (LVET) Fifty-one patients had satisfactory records. The left ventricular ejection time was shortened after myocardial infarction ( Fig. 2 and Table 2 ). The shortening was maximal at 2 tO 3 days and then gradually retumed to normal over a period of 2I days. The changes were more conspicuous in Group 2 patients though the numbers were only of statistical significance on days 2 and 3 (P < o-ooi).
3) Pre-ejection period (PEP) Forty-nine patients had satisfactory records. There was Table 2 ). In general Group 2 patients had a longer preejection period. In contrast, Group i patients on days i and 2 had a significant degree of shortening of the pre-ejection period. All measurements of systolic time intervals have been combined to show the average values for Q-A2 interval, left ventricular ejection time, and pre-ejection period in the 5I patients studied (Fig. 4) . 4) Isovolumetric contraction time (IVCT) Forty-three patients had satisfactory records. The actual values expressed in milliseconds are shown in Fig. 5 . No correction has been made for heart rate since the contraction time showed no significant relation to heart rate in our study of normal subjects (Fabian et al., I972) .
On days i and 2 the isovolumic contraction time was significantly shortened in Group i patients compared to normal controls. On the other days of the study (3, 7, and 2I) the time was within normal limits. Group 2 patients generally had a longer contraction time than Group i patients, though the numbers were too small to be statistically significant.
The average isovolumetric contraction time was slightly shorter in patients with anterior infarction (54±9 msec) compared to those with posterior infarction (62 + IO msec). Ramo et al., 1970) . The patients in our series with left ventricular failure who had cardiac output studies had a lower stroke volume. The lowest stroke volume was in a patient with left ventricular failure and cardiogenic shock (Fig. 6) . The left ventricular ejection time was correspondingly reduced. Similarly, Samson (I970) and Diamant and Killip (I970) showed a greater fall in ejection time in patients with more severe myocardial damage.
Nager, Thomas, and Shillingford (I967) performed serial studies in stroke volume after myocardial infarction, and found a maximal fall at 3 to 4 days, with a gradual return to normal over the subsequent 2 to 3 weeks depending on the severity of the infarction. These findings closely resemble the serial changes in ejection time after myocardial infarction. The isovolumetric contraction time in this study was measured from simultaneous records of the apex cardiogram and the carotid pulse wave (Fabian et al., I972) . The time was slightly increased in patients with left ventricular failure though the numbers were too small to be of statistical significance (Fig. 5 ).
When patients were divided into those with anterior infarction and those with posterior infarction the isovolumetric contraction time was shorter on average with anterior infarction (Fig. 7) The pre-ejection period also failed to show any consistent change after myocardial infarction though this measurement does not depend on the timing of the apex cardiogram. The pre-ejection period combines the period of electromechanical delay and the isovolumetric contraction time. With normal conduction electromechanical delay is unlikely to be prolonged and changes in pre-ejection period are principally due to changes in isovolumetric contraction time. Thus, the absence of a significant change in pre-ejection period after infarction is in agreement with the absence of change in isovolumetric contraction time.
Bed rest (Diamant and Killip, 1970) , pOsture (Stafford, Harris, and Weissler, I970) , digitalis (Bhardwaj, Schoenfeld, and Samet, 1970) , and diuretics all influence systolic time intervals. Both groups of patients in this study had a similar degree of bed rest and a similar environment. Posture was kept constant for the recordings throughout the study. Drugs could not be withheld on ethical grounds from critically ill patients with left ventricular failure though the majority of these patients had the initial study before treatment was begun. Ten of the I5 patients with left ventricular failure had frusemide and 4 also had digoxin. The effect of these drugs could not therefore be ruled out. Other workers, who have studied systolic ejection times in uncomplicated myocardial infarction where drug therapy could be withheld, have still shown reduction in the Q-A2 interval and the left ventricular ejection time (Dowling, Sloman, and Urquhart, I97I; Jain and Lindahl, 197I) . Those patients with left ventricular failure studied by Samson (I970) did not have digitalis but no information about drug therapy is given for the patients studied by Diamant and Killip (I970) and Inoue et al. (1970) .
Inotropic agents have been shown to shorten systolic ejection times experimentally in dogs (Braunwald et al., I958) . It has been suggested that the inotropic influence of the increased circulating catecholamines after myocardial infarction may be a major factor in reducing systolic ejection times (Valori, Thomas, and Shillingford, I967; Toutouzas et al., I969) . However, Samson (1970) found no correlation between the mean daily urinary catecholamine excretion and the degree of shortening of the left ventricular ejection time and Q-A2 interval.
In chronic heart failure left ventricular ejection time is shortened, pre-ejection period and isovolumetric contraction time are prolonged, and the Q-A2 interval remains within normal limits (Weissler, Harris, and Schoenfeld, I968 ). Acute myocardial infarction shows certain differences since both the ejection time and Q-A2 interval are shortened while pre-ejection period and isovolumetric contraction time remain unchanged. In both acute myocardial infarction and chronic heart failure the shortened left ventricular ejection time correlates well with diminished stroke volume (Weissler et al., I968; Garrard, Weissler, and Dodge, 1970) . It is therefore fairly certain that the main cause of the shortened ejection time after infarction is reduced stroke volume.
The lack of change in pre-ejection period and isovolumetric contraction time in acute myocardial infarction as compared to chronic heart failure may be due, principally, to the inotropic action of increased catecholamines after infarction.
